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ABSTRACT 
 The skin protects the organism against the penetration of micro-organism and chemical 
substances. The skin is a complex of four compartments: the epidermis, the dermo-epidermal 
junction, the dermis and the hypodermis. The Stratum corneum (SC) is the outermost layer of 
the epidermis and plays an important role in the dermato-cosmetic science. The SC is 
composed of protein-enriched corneocytes embedded in a lamellar lipid bilayer. The 
intactness of the lipid bilayers to corneocytes is presented as barrier function of the skin. The 
barrier of the SC is not perfect. The water from deeper highly hydrated layers can diffuse to 
the surface. This flux of the water is called Transepidermal water loss (TEWL) and can be 
measured. The measurement of TEWL is a non-invasive bioengineering method for assessing 
the skin barrier function. The hydration of the SC can be assessed by non-invasive 
bioengineering methods as well. These methods are based on the electrical properties of the 
skin.  
 This thesis deals with an assessment of the hydration of the skin, the skin barrier function 
and the comparison of instruments. Different types of instruments were used for 
measurements. The Tewameter TM 210 measures the gradient of water vapour above the skin 
surface, the Skicon 200-EX measures an electrical conductance, the Corneometer analogical 
CM 825 and Corneometer digital CM 825 measure an electrical capacitance. The 
bioengineering measurements were carried out before any treatment of the skin and after 
some specific treatments such as an application of specific products or stripping with adhesive 
tape. From gained results it is possible to claim that the TEWL increased after stripping and 
the hydration of the skin increased after application of moisturize products. Comparison of 
instruments was assessed by the Pearson correlation coefficient. The correlation coefficients 
were positive and significant, that means that the two variables were linearly correlated. 
 
ABSTAKT 
 Kůže chrání organismus zejména proti vlivům mikroorganizmů a chemickým látkám. 
Kůže se skládá ze čtyř základních částí: pokožka, bazální membrána, škára a podkožní tukové 
vazivo. Rohová vrstva je nejsvrchnější vrstvou pokožky a je důležitá v dermatologicko-
kosmetickém průmyslu. Rohová vrstva je tvořena proteinovými buňkami, které jsou 
odklopeny lipidovou dvouvrstvou. Neporušeností lipidové dvouvrstvy je dána bariérová 
funkce kůže. Bariéra kůže není souvislá. Voda může difundovat k povrchu ze spodních, lépe 
hydratovaných vrstev kůže. Tento tok vody se nazývá přirozená ztráta vody pokožkou 
(TEWL) a může být měřen. TEWL se měří bioinženýrskymi metodami a je jím hodnocena 
bariérová funkce kůže. Hydratace rohové vrstvy se měří také bioinženýrskými metodami. tyto 
metody jsou založeny na elektrických vlastnostech kůže. 
 Tato práce se zabývá hodnocením hydratace kůže, funkcí kožní bariéry a srovnáním 
měřících přístrojů. K měření bylo použito několik různých přístrojů. Tewameter měří 
evaporaci vody nad pokožkou, Skicon    200-EX měří elektrickou konduktanci, zatímco 
analogický i digitální Corneometr měří elektrickou kapacitanci. Měření byla uskutečněna před 
specifickým ošetřením a po specifickém ošetření, jako je stripování nebo aplikace 
kosmetického produktu. Ze získaných výsledků je možno říci, ze hodnoty TEWL se 
s stripováním zvyšují a hodnoty hydratace se po aplikaci hydratačního produktu také zvyšují. 
Srovnání měřících přístrojů se hodnotilo Pearson korelačním koeficientem.  Koeficienty byly 
kladné a platné, což znamenalo lineární korelaci mezi dvěma určitými přístroji. 
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1 INTRODUCTION 
 
 The skin as an essential organ for all living organisms and consists of four compartments. 
The Stratum corneum (SC) is the outermost layer and plays and important role in the 
cosmetology. Assessments of hydration of the SC and skin barrier function are useful to 
evaluate the physicochemical status of the skin. Non-invasive bioengineering methods are 
used for these measurements.  
 Skin barrier function can be assessed by measuring of Transepidermal water loss (TEWL). 
TEWL is a flux of water which diffuses to the skin surface from deeper hydrated layers. 
TEWL measurement is based on evaporation of the water above the skin. TEWL was 
measured by the Tewameter. 
 The hydration of the SC is assessed by methods which are based on electrical properties of 
the skin. Different types of instruments are commercial available. We used the Corneometers 
and Skicon for measurements.  
 We tested three products – Vaseline, an O/W emulsion and a W/O emulsion. 
 
 The aims of the theoretical part of the thesis were a literature study in this field (books 
about skin and bioengineering methods) and a literature search on given theme. 
 The aims of the experimental part of the thesis were experimental work on human subjects 
in order to get experience in these measurements. Bioengineering measurements were carried 
out before any treatment of the skin and after specific treatments (hydration and stripping). 
We focused on these measurements: 
• to investigate the barrier function of the skin 
• to investigate the hydration of the SC on the different parts of the body 
• to investigate validation of the instruments 
The most of measurements on the human skin were carried out on me, some of them on the 
other 3 volunteers. 
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2 THEORETICAL PART 
2.1 Bioengineering testing of the human skin 
 Non-invasive bioengineering methods have been largely developed in the last 20 years. 
The skin bioengineering measurement of the skin hydration and the Transepidermal water 
loss (TEWL) is useful to evaluate the physicochemical status of the skin. The skin barrier 
function is derived from the interaction between the subject and the surrounding environment, 
the bioengineering measurement technique has been evolved to predict the dynamic aspect of 
skin biology [1].  
These methods cause no harm or inconveniences to the subjects. A large number of 
bioengineering methods are available to evaluate the skin [2]. They mainly include 
measurements of electrical properties, spectroscopic methods such as infrared absorption 
spectroscopy and emission, evaluation of the barrier function of the stratum corneum (SC), 
measurement of mechanical properties, nuclear magnetic resonance imaging, skin-surface 
topography, scaling evaluation and evaporation of the water [3].    
 We focused on methods to evaluate the hydration of the skin. These methods are based on 
the electric and di-electric properties of the skin. Three instruments are available at this 
moment, Corneometers, the Skicon and the Nova. Each instrument measures the skin 
hydration in its own parameters, making experimental comparisons difficult. Finding a 
standard parameter unit for measuring skin hydration is searched [4]. The Skicon, 
Corneometers and the Tewameter, which is based on water vapour above the skin surface, 
will be discussed further on. 
2.2 Anatomy of the skin 
 The skin is an organ because it consists of different tissues. It is one of the largest organs 
of the body in surface area and weight. In adults, the skin covers an area of about 2 m2, and 
weighs 4 to 7 kg (7 % of the total body weight). It ranges in thickness from 0.5 to 4.0 mm, 
depending on location [5]. 
Skin is a complex of four compartments: the epidermis or outer layer, the dermo-epidermal 
junction, the dermis or cutis, and the hypodermis or subcutis (Fig. 1). 
 
10 
 
Fig. 1: Anatomy of the skin [6]  
 
2.2.1 Epidermis or outer layer 
The epidermis is the upper layer of the skin. It is the most important layer for cosmetic 
industry. It is composed of two kinds of cells: the dendritic cells (the melanocytes, the 
Langerhan´s cells, and the Merkel´s cells) and the keratinocytes [7]. 
2.2.1.1 Dendritic cells 
The dendritic cells have a specific function. The cytoplasm of these cells forms branches 
that go between the keratinocytes [7]. 
• Melanocytes  
These pigment cells are located in the basal layer. They have long dendrits and contain 
melanosomes. A melanosomes are an organelles containing melanin [7]. Melanin is a brown-
black pigment that contributes to skin colour and absorbs ultraviolet light. Sun exposure 
causes melanocytes to increase production of melanin in order to protect the skin from 
damaging ultraviolet rays, producing a suntan. Once inside keratinocytes, the melanin 
granules cluster to form a protective veil over the nucleus, on the side toward the skin surface 
[8]. 
• Langerhan´s cells 
These cells arise from bone marrow and migrate to the epidermis. They are located above 
the basal layer. These cells are important for the skin’s defence mechanism. They capture 
cutaneous antigens and present them to lymphocytes in the initiation of an immune response. 
They have unusual cytoplasmic structure-the Birbeck granule [9]. 
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• Merkel´s cells 
These cells are located in the deepest layer (stratum basale) of the epidermis, where they 
are attached to keratinocytes by desmosomes [7]. A characteristic feature is the presence of 
many small, dense granules in their cytoplasm. These cells play a role in the perception of 
certain impulses by transmitting them to sensory nerves [5]. 
2.2.1.2 Keratinocytes 
The keratinocytes are the major and primary cells of the epidermis, making up about 90% 
of epidermal cells [5]. They produce the protein keratin that helps to form the stratum 
corneum. Their main function is cell division and differentiation.  
Dead cells are constantly sloughed from the upper surface of the epidermis and are 
replaced by new cells, being generated from the deep layers. The cells move upward through 
the epidermis toward the surface. The whole process of keratinization by which a cell forms 
in the basal layer, rises to the surface, becomes keratinized, and sloughs off takes two to four 
weeks. They undergo differentiation changes and it allows defining five layers (Fig. 2), from 
bottom to top [7]. 
 
 
Fig. 2: Morphologic evolution of keratinocytes [10] 
 
• Basal layer (stratum basale) 
The basal layer is the deepest layer of the epidermis, and contains small cells called basal 
cells. Basal cells compose a single layer of tall, simple columnar epithelial cells with 
relatively large nucleus lying on a basement membrane. Basement membrane separates the 
dermis and the epidermis. Cells are attached to the membrane by small protuberances, the 
hemidesmosomes. The basal cells are continually dividing, and new cells constantly push 
older one’s up toward the surface of the skin. The basal cells divide in a constant and regular 
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manner, resulting in a complete renewal of the epidermis in approximately one-month’s time 
[7]. The stratum basale also contains Merkel´s cells that are sensitive to touch, and 
melanocytes, which produce melanin, which provides pigmentation for skin and hair [5]. 
• Prickle cell layer (stratum spinosum) 
This squamous cell layer is located above the basal layer and its name is because the cells 
are held together with spiny projections [8]. This layer consists of a variable number of cells 
layers: from three to four at the eyelids and from 10 to 20 in the skin of the palms and soles. 
These cells are polygonal, flattened and have a large dark nucleus, which is an early sign of 
cell death. These cells attach themselves to antigens that invade damaged skin and alert the 
immune system to their presence. Adjacent cells are joined by desmosomes, giving them a 
spiny appearance when the cells shrink during the staining process while the desmosomes 
hold firm. This layer also contains Langerhan´s cells [7]. 
• Granular layer (stratum granulosum) 
This layer consists of three to five rows of flattened cells that develop darkly staining 
granules of a substance called keratohyalin. This compound is the precursor of keratin, a 
protein found in the outer layer of the epidermis. Keratin forms a barrier that protects deeper 
layers from injury and microbial invasion and makes the skin waterproof. The nuclei of the 
cells in the stratum granulosum are in various stages of degeneration. As their nuclei break 
down, the cells can no longer carry on vital metabolic reactions, and they die [5]. 
• Stratum lucidum 
This layer is not always present. This layer is found only on the soles of the feet and the 
palms of the hands and consists of three to five rows of clear, dead cells that contain droplets 
of an intermediate substance eleidin that is formed from keratohyalin and is eventually 
transformed to keratin. The cells of the stratum lucidum are flattened and contain an oily 
substance. This substance gives the stratum lucidum its waterproof properties [5]. 
• Corneal layer (stratum corneum) 
The SC is the outermost layer of the epidermis, and is made up of 10 to 30 thin layers of 
continually shedding, dead keratinocytes that lack nuclei. The stratum corneum is also known 
as the “horny layer”. Cells of the stratum corneum contain keratin, a protein that helps keep 
the skin hydrated by preventing water evaporation. These cells can also absorb water. The 
stratum corneum is sloughed off continually as new cells take its place, but this shedding 
process slows down with age. Complete cell turnover is every 28 to 30 days in young adults, 
while the same process takes 45 to 50 days in elderly adults [8]. 
The chemical composition of the SC: proteins 75-80% (keratin and peptides), lipids          
5-15% and the rest are organic compounds, water and NMF [[11].The SC is the outermost 
layer of the skin and is formed by keratinocytes, which are flat, cornified, dehydrate and 
denucleate. These dead cells contain soft keratin, which keeps the skin elastic and protects 
underlying cells from drying out. The SC contains 10-20 layers of keratinocytes [12]. 
The keratinocytes are derived from the embryonic surface ectoderm and differentiate into 
the stratified epithelium. Dead cells of the SC are constantly sloughed from the surface (1-2 
g/day) and are replaced by new cells being generated in the stratum basale [13]. 
13 
The basal cells are divided by mitosis, which leads to the production of two daughter cells. 
One of the daughter cells enters the differentiation pathway and the other one starts a new 
mitosis cycle [13].  
Differentiation pathway of basal cells 
The dividing basal cell on average replicates every 16 days, and the resulting cell takes 14 
days to differentiate and 14 days to be shed [14]. The differentiation pathway (maturation) 
contains several steps. (Fig. 3) 
• In the basal layer (stratum basale), undifferentiated cells start to divide continuously. 
Half of these cells progress upwards and differentiate, while the other half remain 
behind to divide again [15]. 
 
• In the prickle cell layer (stratum spinosum), the shape of cells change from columnar 
to polygonal. Differentiating keratinocytes synthesize keratins which aggregate to 
form tonofilaments. Condensations of these tonofilaments form desmosomes which 
connect keratinocytes. Desmosomes maintain a distance of 20 nm between adjacent 
cells and distribute structural stresses throughout the epidermis [15]. 
 
• In the granular layer (stratum granulosum), enzymes induce degradation of nuclei and 
organelles. Keratohyalin granules mature the keratin and provide an amorphous 
protein matrix for the tonofilaments. Membrane coating granules attach to the cell 
membrane and release an impervious lipid containing cement which contributes to cell 
adhesion and to the horny layer barrier [15]. 
 
• In the SC, the dead flattened corneocytes have developed thickened cell envelopes 
enclosing a matrix of keratin. The disulphide bonds of keratin provide the strength to 
the layer, but the horny layer is also flexible and can absorb up to three times its 
weight in water. However, if the layer dries out (below 10 % water content), pliability 
fails [15]. 
 
• Corneocytes are shed from the skin surface [15]. 
Mitosis cycle 
The basale cells are divided by mitosis (Fig. 4). The cycling component consists of cells in 
the G1 phase, the most variable part of the cycle. Cells then move into the S phase during 
which the DNA content of the cell is doubled. Subsequently, cells enter the second gap phase 
(G2), which leads to mitosis and the production of two daughter cells. The daughter cells may 
proceed through another replicate cycle, enter the differentiation pathway or, according to 
some investigators, enter a resting phase (G0) [16]. 
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Fig. 3: Differentiation pathway of basal cells [15] 
 
 
 
Fig. 4: Mitosis cycle [16] 
 
Structure of the SC 
The structure of the SC has been described as a "brick and mortar" type structure (Fig. 5). 
It is a heterogenous two-compartment system of protein-enriched corneocytes embedded in an 
extracellular lamellar lipid bilayer. This unique organization is responsible for 
impermeability, capacity to trap water, selective permeability for lipophilic substances and 
abnormal desquamation occurring in inherited or acquired disorders of the epidermal lipid 
metabolism [12]. 
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Fig. 5: The brick and mortar model of the SC [17] 
 
The bricks are viewed as closely-packed bundles of keratin filaments. The keratin 
filaments can hold large amounts of water between the fibres. Bundles are surrounded by 
protein cell envelopes and are bound to each other by corneodesmosomes. The 
corneodesmosomes are the major structure that must be degraded for the skin to shed in a 
process called desquamation. The protein cell envelopes are composed primarily of two 
proteins, loricirn and involucrin. These proteins contain extensive links between each other 
making the cell envelope the most insoluble structure of the corneocyte. The protein envelope 
of corneocytes is covalently bound to the lipid envelope [18]. 
The mortar between the bricks consists of intercellular lipids, which are formed in the 
Golgi apparatus of the corneocytes. The intercellular lipids consist of lipid bilayers and small 
amount of the water (Fig. 6). The lamellar lipid bilayer repels water: water molecules are held 
between the cell envelope lipids and the lipid bilayer. This helps maintain the water balance in 
the SC by trapping water molecules instead of letting them absorb into the lower layers of the 
epidermis [19]. 
 
The lipid leaflets originate from secreted products of epidermal organelles called lamellar 
bodies (Odland bodies), which are 0,3-0,5 µm oval organelles in size, synthesized by 
keratinocytes during differentiation in the stratum spinosum [20]. In the granular layer, they 
move to the periphery of the cells and empty their disks with secreted lipids into the 
intercellular spaces by exocytosis (Fig. 7). The lamellar body exocytosis is regulated by the 
epidermal calcium gradient [14]. The lamellar material then diffuses between corneocytes, 
coalesces to form broad laminated sheets and entirely fills the intercorneocyte spaces in the 
lower part of the SC. At the same time, cells passing through the granular layer degenerate. 
The SC thus consists of lipid-depleted and keratinized cells embedded in a lipid-rich matrix 
[7]. 
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Fig. 6: Intercellular lipids with bilayer structure [12] 
 
 
 
         
 
Fig. 7: Diagram of the synthesis of epidermal lipids: 1 Odland bodies, 2 Stratum granulosum 
cells, 3 Exocytosis, 4 Bilayer lipid membrane, 5 Stratum corneum cells [21] 
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When the corneocytes matures to the SC, enzymes degrade the outer envelope of the 
lamellar bodies releasing types of lipids. Ceramides form the largest fraction with 40 %. Also 
free fatty acids (25 %) and cholesterol (25 %) as well as cholesterol sulphate are found there 
[15]. The ceramides are primarily responsible for the barrier forming and moisture-binding 
functions of the complex lipid mixture. Chemically, the ceramides are a group of 
sphingolipids. These are compounds formed from high-molecular weight alcohols, primarily 
sphingosine. The cholesterol and cholesterol sulphate play a role in the desquamation process. 
Incorporation of cholesterol molecules into membranes increases their rigidity. Too high 
concentrations may cause an impaired barrier function. The type of fatty acid, free or bound in 
ceramides, may be an important factor in building up an efficient barrier function [20]. The 
balance of all epidermal lipids is important for an efficient functioning and maintenance of the 
SC barrier function [17]. 
2.2.2 Dermo-epidermal junction layer or basement membrane zone 
The dermo-epidermal junction is an undulating basement membrane that adhere the 
epidermis to the dermis. This layer is sinuous in shape and its 1,1 mm thick [7]. It is 
composed of two layers, the lamina lucida and lamina densa. The lamina lucida is thinner and 
lies directly beneath the basal layer of epidermal keratinocytes. The thicker lamina densa is in 
direct contact with the underlying dermis. It is joined to the epidermis by the 
hemidesdemones on the one hand and to the dermis by the anchoring fibrils on the other. This 
highly irregular junction greatly increases the surface area over which exchange of oxygen, 
nutrients, and waste products occurs between the dermis and the avascular epidermis [6]. 
2.2.3 Dermis or cutis 
The dermis is located beneath the epidermis and is the thickest of the three layers of the 
skin (1,5 to 4 mm thick). The main functions of the dermis are to regulate temperature and to 
supply the epidermis with nutrient-saturated blood [8].  
 The dermis comprises two portions: 
• The Papillary layer is outer portion of the dermis. It consists of connective tissue 
containing elastic fibres. Its surface area is greatly increased by small, finger like 
projections called dermal papillae. These nipple-shaped structures indent the 
epidermis, and many contain loops of capillaries. Some dermal papillae also contain 
tactile receptors called corpuscles of touch (Meissner's corpuscles), nerve endings that 
are sensitive to touch [5]. 
• The deeper portion of the dermis is called the reticular layer. It is composed of thick 
collagen bundles and elastin fibres. [7]. 
 
The dermis contains: 
• cells 
• fibres 
• intermediate substances, ground substances or matrix 
• blood vessels 
• lymph vessels 
• nerves 
• muscle fibres 
• adnexa or skin  appendages 
 
18 
• The cells 
The few cells in the epidermis include fibroblasts, macrophages, adipocytes and 
inflammatory cells [7]. Fibroblasts are scattered through the dermis and form collagen and 
elastin fibres [6]. 
• The fibres 
• Collagen or connective tissue fibres: quantitavely a major substance of the dermis 
(75 % of the weight of the dermis), and is responsible for the resilience and elasticity 
of the skin. [7] 
• Elastic fibres: these form a network of thin fibres between the collagen bundles and 
give the skin its elasticity [7] 
• Reticular fibres: these are regarded as immature collagen fibres. They are located 
under the papillae and around the adnexa [7] 
• Intermediate substance, ground substance or matrix 
The ground substance is formed by the fibroblasts and consists of mucopolysacharides [7].  
Special substances in the ground substance, called glycoprotein, can hold large amounts of 
water, and are responsible for maintaining a mass of water in the dermis. 
Hyaluronic acid is another important substance that forms part of the tissue that surrounds the 
collagen and elastin fibres. It has the ability to attract and bind hundreds of times its weight in 
water. It acts as a natural moisturising ingredient responsible for the skin's plumpness and 
moisture reserve. As we are getting older, the amount of hyaluronic acid produced in the skin 
naturally gets less. Elastic fibres running through the dermis hold the collagen bundles 
together. These are made of a protein called elastin, and make up less than 5 % of the weight 
of the dermis. Despite their name, they are not involved in the natural elasticity of the skin. As 
skin gets older, it loses some of its elasticity and ability to retain water [10]. 
• Blood vessels 
There are three networks of blood vessels: one in the hypodermis, one at the dermo-
hypodermic junction and one in the papillary dermis. The capillary loops, which are 
perpendicular to the epidermis, originate from the superficial vascular plexus. Each capillary 
loop consists of one ascending arterial branch and one descending venous branch [7]. 
• Lymph vessels 
Each papilla contains a lymphatic capillary, which leads to a deeper network of lymph 
vessels. The lymphatic system ensures a proper metabolism by regulating the difference in 
osmotic pressure between blood and lymph [7]. 
• Nerves 
The dermis contains a network of free nerve ending which serve chiefly to perceive 
temperature, itching and pain. There are also encapsulated nerve endings, such as Pacinian 
corpuscles, which are sensitive to pressure, and vibrations and Maissner´s corpuscles, which 
are sensitive to touch. There are also nerve fibres for vegetative innervations of the blood 
vessels, hair muscles and sweat glands [7]. 
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• Muscle fibres 
Muscles fibres are single cells of a muscle. Muscle fibres contain many myofibrils, the 
contractile unit of muscles. Muscle fibres are very long; a single fibre can reach a length of 
30 cm [5]. 
• Adnexa or skin appendages 
Epidermal appendages are largely located in the dermis but come out from the epidermis. 
They include hair, sebaceous glands, sweat glands and nails [7]. 
 
•  Hair 
Hair follicles are complex structures formed by the epidermis and dermis. Hair grows 
everywhere on the body except on the palm and soles.  
The hair consists of hair shaft (depression in the epidermis), hair root (bulbus pili composed 
of matrix and papilla), hair itself (formed of keratin) and hair muscles [7].  
The Hair growth cycle contains three phases- anagen, catagen and telogen. The anagen phase 
is the growth phase, the catagen is phase when the hair stops growing and the telogen phase is 
the resting state [6].  
 
• Sebaceous glands 
Sebaceous glands (holocrine glands) are found over the entire surface of the body except 
the palms and the soles. They are largest and most concentrated in the face and scalp where 
they are the sites of origin of acne. The normal function of sebaceous glands is to produce and 
secrete sebum, a group of complex oils including triglycerides and fatty acid breakdown 
products, wax esters, squalene, cholesterol esters, and cholesterol. Sebum lubricates the skin 
to protect against friction and makes it impervious to moisture [6]. 
 
• Sweat glands 
The average person has about 3 million sweat glands. There are two types of sweat glands: 
the eccrine sweat glands and the apocrine sweat glands. 
• The eccrine sweat glands 
These glands are composed of gland and duct. 
Gland (secretory part) located at the junction of the cutis and subcutis. It is formed of two 
types of cells: largely slightly basophilic cylindrical cells surrounded by flat myoepithelial 
cells (ensure contraction and excretion). They are surrounded by basal membrane [7]. 
Duct is formed of a double layer of cubiform cells. In the epidermis, the duct spirals up to the 
surface between the prickle cells [7].  
 The eccrine glands are most concentrated in the palms and in the soles. The normal 
function of the sweat gland is to produce sweat, which cools the body by evaporation. The 
thermoregulatory centre in the hypothalamus controls sweat gland activity through 
sympathetic nerve fibres that innervate the sweat glands [8]. 
• Apocrine sweat glands 
The apocrine glands are similar in structure but not identical to echini glands. They are 
concentrated in the axillary and pubic regions. These sweat glands do not give out directly on 
the skin surface. They secrete their substance in or near the hair follicles. This substance after 
transformation by bacteria is responsible for a typical body odour. The mammary glands are a 
modified and highly specialized type of apocrine gland [7].  
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• Nails 
They are made of a hard protein keratin and are produced from living skin cells in the 
fingers and toes [7].  
2.2.4 Hypodermis or subcutis 
The hypodermis is the deepest layer of the skin. This layer is formed of small lobules of 
fat, which are separated by collagen fibres. The blood vessels and nerves are larger than those 
in the dermis. One of the functions of this fatty layer may be to act an insulation to conserve 
body heat. It also stores fat as an energy reserve for the body [7].  
2.3 Skin barrier function 
The skin protects the organism against the penetration of micro-organism and chemical 
substances. The Stratum corneum (SC) is composed of dead protein-rich cells and 
intercellular lipid domains. The barrier function of the SC is provided by patterned lipid 
lamellae localized in the extracellular spaces between corneocytes and by hydrolipid film. 
This lamellae structure is renewed continuously and when the barrier function is damaged, it 
is repaired immediately [22]. Under low humidity, the SC becomes thick, the lipid content in 
the SC increases and water impermeability is enhanced. The water impermeability of this 
layer is 1000 times higher than that of other membranes of living organisms [23]. 
When the barrier function is damaged by stripping with adhesive tape or treatment with an 
organic solvent or detergent, a series of homeostatic processes in the barrier function is 
immediately accelerated, and the barrier recovers to its original level. This process includes 
lipid synthesis, lipid processing and the acceleration of exocytosis of lamellar bodies. The 
skin barrier function also has an ability to adapt to the environment. Under a low humidity 
environment, the barrier function is enhanced.  The thickness of the SC increases in a dry 
environment. The content of the intercellular lipid in the SC increases and consequently, the 
TEWL decreases [23].  
2.3.1 The hydrolipid film 
The hydrolipid film covers the surface of the skin. It is a naturally occurring cream that 
protects the skin against external aggressions. This film is formed by oily secretion of the 
sebaceous glands, by the watery secretion of the sweat glands and part originates from the 
keratinizing of the epidermis. The film is produced as a W/O emulsion and has a pH ranging 
from 4,2 to 5,6. It forms the natural acid coat of the skin surface, which prevents the 
penetration of harmful substances that could cause inflammation, infections or allergic 
react8ons [7].  
2.4 Emulsions  
Emulsions are the most common form of moisturizers. The main components of emulsions 
are lipids (lipophilic compounds) and water (hydrophilic compounds) [24]. The emulsions are 
prepared by dispersion of the internal (dispersed phase) in the external phase. If the internal 
phase is lipophilic and is dispersed in the external hydrophilic aqueous phase it is oil in water 
(O/W) type. If the internal phase is hydrophilic aqueous and is dispersed in the lipophilic 
phase it is a water in oil (W/O) type. The emulsions are unstable and the two phases tend to 
separate because of coalescence. These two immiscible phases are formed and stabilized by 
an emulsifier [25]. 
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 With exception of the emulsifiers, the following types of ingredients are usually added to 
cosmetic emulsions [26]: 
• Emollients: they improve the sensory properties of the emulsions. Addition of an 
emollient is better for spreading when the emulsion is applied to the skin. 
• Moisturizers and humectants: they increase and control the hydration state of the skin 
• Viscosity-increasing agents: they are added to increase the viscosity of the external 
phase  
• Active substances: vitamins 
• Preservatives: they prevent microbial growth 
• Perfumes and colouring agents 
2.4.1 Hydrophilic-lipophilic balance 
Many agents used in the cosmetic industry are classified by a system known as the 
hydrophilic-lipophilic balance (HLB) number. In this system, each emulsifier having a 
specific HLB number is used to emulsify an oil phase having a HLB required for a stable 
emulsion. Using an emulsifier or their combinations, matching the required HLB of the oil 
phase, will form a stable emulsion [26]. The HLB value of an emulsifier is determined by the 
ratio of the weight of the hydrophilic (water-loving) portion of the molecule to the lipophilic 
(oil-loving) molecules [27]. 
2.4.2 Types of emulsions 
There are two basic types of emulsions, an O/W and W/O emulsions. In the comparison, an 
O/W emulsion show a lower effect in preventing dry skin than a W/O emulsion [26].  
(Fig. 8)  
 
 
Fig. 8: Composition of an O/W and a W/O emulsions [12] 
2.4.2.1 O/W emulsion 
This type is the most common emulsion because of its aesthetic qualities. These emulsions 
work on the principle of delivering and building water in the SC. In terms of water delivery, 
an O/W emulsion is capable of carrying up to 85 % of water and can provide quick and 
effective plasticization of the skin. These emulsions typically contain 10-40 % oil phase and 
emulsifiers have a HLB range from 7 to 16 [26]. 
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The advantages of an O/W emulsion are [26]: 
• they feel light and not greasy after application 
• they show good skin spread ability and an active hydration effect by the external water 
phase 
• they cause a cooling effect because of the evaporation of the external aqueous phase 
2.4.2.2 W/O emulsion 
This type of emulsion works by creating an occlusive fatty film on the skin surface. This 
serves to slow down the diffusion of the water and trapping it in the upper layers of the SC. 
The W/O emulsions are less preferred than other product because of their tendency to create a 
heavy and greasy feelings after application, since a major ingredient of these products is often 
petrolatum. To avoid the heavy feeling of a W/O emulsions, appropriate excipients must be 
selected to get products with well-accepted sensory properties. These emulsions typically 
contain 20 % oil phase and emulsifiers have a HLB range from 3 to 6 [10].  
 
The advantages of an O/W emulsion are [26]: 
• close resemblance to the natural protective lipid layer in the SC 
• efficient skin protection attributable to formation of a continuous layer of lipids on 
skin after application 
• sustained moisturization because on the skin a continuous semi-occlusive layer is 
formed that reduces the evaporation of the skin water  
• more efficient than an O/W emulsion 
• lower risk of the microbial growth 
2.4.3 Emulsifiers 
Emulsifying agents, who are surface-active agents (surfactants), are available in a wide 
range of chemical types (non-ionic, hydrophobic, and lipophilic). The emulsifiers decrease the 
interfacial tension between the two immiscible phases. Each emulsifier has a hydrophilic and 
lipophilic part (Fig. 9). Examples of the hydrophilic part are polyhydric alcohols and 
polyethylene chains. The lipophilic part can be a long hydrocarbon chain composed of fatty 
acids. Non-ionic emulsifiers can be neutral or acid giving formulators greater flexibility 
regarding pH requirements for cosmetic actives. Non-ionic can be used in formulating a W/O 
or an O/W emulsions and will help to mitigate the characteristic oily feelings of a W/O 
emulsion [28].   
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Fig. 9: Emulsifier [12] 
 
2.5 Hydration of the SC 
The skin contains 70 % water of its total mass under normal conditions. The SC contains 
10-15 % water of its total mass. When the water content of the SC drops below 10 %, the SC 
will be disfunctional and brittle [12]. 
The SC must be as impermeable as possible except for a small amount of water loss to 
hydrate the outer layer of the SC and to provide enough water to allow enzyme reactions that 
facilitate the SC maturation together with corneodesmolysis and desquamation. The degree of 
hydration of the SC is influenced by several factors [12]:  
 
• the presence of the NMF in the SC  
• the TEWL  
• the presence of fully matured corneodesmosome-bound and ceramide hydrophobed 
corneocytes which affect the diffusion  
•  an evaporation of the water from the SC determined by climatological factors    
2.5.1 Natural moisturizing factors 
Natural moisturizing factors (NMF) are a collection of water-soluble compounds that are 
only found in the SC in the corneocytes (Fig. 10). In the corneocytes filaggrine and histidine 
are present and are hydrolised by proteases into amino acids, which are basic compounds of 
NMF [29]. 
 The NMF originate from the differentiation of the keratinocytes and secretions from the 
sweat and sebaceous glands. They compose approximately 20-30% of the dry weight of the 
corneocyte. NMF components absorb water from the atmosphere and combine it with their 
own water content allowing the outermost layers of the SC to stay hydrated. They are capable 
of binding water and retaining it in the SC [30]. They also have a relevant buffering capacity 
for the water in the corneocytes. This may facilitate the maintenance of SC plasticity as well 
as physiological acidity of the superficial skin [31]. The lipid layer surrounding the 
corneocyte helps seal the corneocyte to prevent loss of NMF [24]. The ability of the skin to 
store water depends in large part on the make-up of the barrier lipids in the horny layer [32].  
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The composition of NMF [12]:  
• free amino acids (serine, alanine,..) 40%  
• ions (Cl-, K+, Na+) 18,5%  
• pyrrolidone carboxylic acid 12% 
•  lactate 12% 
• sugars 8,5% 
•  urea 7% 
 
 
 
 
Fig. 10: Structure of the SC with NMF [19] 
 
2.5.2 Transepidermal water loss 
TEWL is the flux of the water through the epidermis (Fig. 11). The barrier of the SC is not 
perfect. Some water can diffuse through it from deeper layers to the surface, amounts ranging 
between 0,2-0,5 mg.h-1.cm-2 [9]. Part of diffusing water is evaporating at the surface of the 
SC, depending on the climatological conditions, part is retained in the SC by presence of 
NMF. It depends on the barrier function of the SC, which on its turn largely depends on the 
intactness of the lipid bilayers that surround the corneocytes [27]. When the barrier function is 
damaged, water can easily escape and TEWL increases. This flux of water can be measured 
by non-invasive methods [33].   
  
 
 
 
Fig. 11: The flux of the water through the SC [10] 
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2.5.3 Tests for skin hydration 
? Statistic measurements 
 
• Short-term tests: Single application 
 The tests are conducted on the forearm of subjects and allow a site-to-site comparison of 
tests products. The test products are left in place for one hour. Measurements are conducted at 
different times after removal of products. Or test products can be applied on similar areas 
overnight for 16 hours. Measurements are conducted next morning one hour after removal of 
the products [34]. 
• Long-term tests: Multiple applications 
 The treatment period of this tests are over week only and the regression phase takes place 
over the following week. Bioengineering measurements are conducted 12 to16 hours after the 
treatment [34]. 
 
? Dynamic measurements 
  
 These tests evaluate the hydration of the skin and provide information on dynamic 
properties of the SC. These tests characterized by the assessment of the skin response to a 
given external stimulus that can be physical (water, occlusion) or chemical (drugs, irritants). 
Tests are used during short-term or long-term products testing [34]. 
• The sorption-desorption test 
 The test gives information about the water-binding capacity of the SC. The product is left 
on the skin 10 seconds, wiped with a tissue paper and then hydration is immediately 
measured. The other measurements are taken at 30 seconds, 1 minute, 90 seconds and 
2 minutes [34].  
• The moisture-accumulation test 
 The test give information about the quantity of moisturize the SC may accumulate during a 
given time. This test is conducted with an instrument able to measure continuously after 
bringing the probe in contact with skin surface. Values are measured every 30 seconds and 
water accumulation is evaluated by calculating the area under the curve until 3 minutes [34]. 
• The plastic occlusion stress test 
 This test gives information about SC hydration, integrity of the barrier function, and SC 
water-holding capacity. It consists of occlusion the skin with a plastic chamber for 24 hours. 
Then the occlusion is removed and the evaporation of the accumulated water is measured 
each minute during 30 minutes as TEWL [4].  
2.5.4 Hydrating products 
Moisturizers are primarily intended to help the skin to function properly in conditions of 
cold and wind [10].  
The following principles can be applied to affect the degree of hydration of the SC: 
• Decrease of TEWL 
• Addition of the water to the skin 
• Effect on the intercellular lipids 
2.5.4.1 Decrease of TEWL 
Preparations with a purely occlusive effect such a petrolatum or lanolin work on this 
principle. They leave behind a fatty film on the skin surface, which helps to impede TEWL 
(Fig. 12). Pure vegetable oils are much less effective (semi-occlusive effect). This occlusive 
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effect is less attractive and may obstruct the pores. W/O emulsions are based on this principle 
but are less occlusive [12].  
Petrolatum and other occlusive preparations may block the signal and inhibit the lamellar 
body secretion and lipid synthesis. It inhibits a repair of the barrier function. A semi-occlusive 
effect is more acceptable for the skin treatment products of this type [12]. 
 
 
 
 
 
Fig. 12: Principle of a W/O emulsions and occlusive preparations [12] 
 
2.5.4.2 Addition of the water to the skin 
O/W emulsions are based on the addition of the water to the skin (Fig. 13). They often 
contain NMF. These substances are hygroscopic and attract and retain water and thus increase 
the water-binding capacity of the SC [12].  
 
  
 
Fig. 13: Principle of an O/W emulsion containing NMF [12] 
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2.5.4.3 Effect on the intercellular lipids 
The lipid layers can be affected by liposomes, which are able to transport hydrating 
substances deep into the skin and lipid mixtures, which contain important lipids for the barrier 
function such as ceramides, cholesterol and free fatty acids [12].  
2.6 Electrical properties of the skin 
Various non-invasive bioengineering techniques have been used to evaluate the skin 
barrier function. Modern non-invasive techniques can assess the mechanical and 
physiological properties of skin in health and disease. They provide accurate, reproducible 
and objective measurements. The non-invasive methods are based on a simple physical effect, 
such as electricity, sound or light. These methods are practical, simple, quick and cheap [34].  
The membrane around living cells acts like an electrochemical membrane. It is a semi-
permeable and allows certain ions to pass through the membrane and others not. This makes 
the membrane behave like a leaky capacitor. The intracellular and extracellular environments 
consist mainly of electrolytes and have primarily resistive properties. Cell suspensions and 
biological tissues have capacitive and resistive properties and impedance of biological tissues 
are highly frequency dependent. Different biomaterials have different electrical properties. 
The tissue structure and chemical composition of a biological material may correlate with its 
electrical properties, and thus bio-materials have different frequency characteristics [35]. 
The skin can be modelled as an electrical circuit with a resistance in parallel with a 
capacitor (Fig. 14). There are two parallel electric pathways, one crossing lipid corneocytes 
matrix and the other one going through skin appendages [36].  
 
 
 
Fig. 14: The equivalent electrical scheme of the skin, where Rb, Rs, and Rc are the 
resistances, Cs is the skin capacitance [36] 
 
The outcome of the electrical measurements is influenced by biological and physical 
factors. Among biological factors, proteins and other chemicals are involved. Matrix proteins 
are dipolar molecules and are more or less hydrated. Among physical factors, the frequency of 
the electrical current used, geometry of applied electrode on the skin surface, design of the 
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oscillating electronic circuit, direct or indirect contact between electrode and skin surface play 
important roles [1].  
Methods for a measuring skin hydration are based on the measuring electrical conductance 
or the capacitance. Dry SC is a typical medium of weak electrical conduction. When this 
medium is hydrated, great changes in electrical properties occur [1].   
2.6.1 Skin impedance 
Various methods to evaluate the hydration state of the skin surface. The most used ones are 
based on the measurement of the skin impedance. Impedance, the total electrical opposition to 
the flow of an alternating current, depends on the resistance and the capacitance. Some 
instruments measure conductance (reciprocal of resistance) [31].  
 
R
G 1=                              (1) 
 
Where: G conductance [Ω] 
             R resistance [Ω]    
 
Their relationship is formulated [35]: 
 
Z = [R2 + (1/2 π fC)2]1/2                    (2) 
 
Where: Z impedance [Ω] 
         R resistance [Ω] 
         C capacitance [F] 
          f frequency [MHz] 
 
Some of instruments measure an electrical conductance, like a Skicon-200 EX (I.B.S CO., 
Hamamatsu). The other ones measure an electrical capacitance, like a Corneometers (Courage 
+ Khazaka electronic GmbH). Changes of the electric properties of the skin are influenced by 
stripping or using moisturizing agents. The conductance values progressively increased as 
deeper layers of the SC were serially exposed by stripping, eventually reaching a certain high 
level, which presumably represents the water content of the fully hydrated epidermis. After 
application of the moisturizing agents, the conductance of the skin increased, it is influenced 
by water content of the agents [1].  
2.6.2 Statistical evaluation of results 
 One of the aims of these measurements is correlation between Corneometers and the 
Skicon. The correlation can show a statistical significance. Once we've computed a 
correlation, we can determine the probability that the observed correlation occurred by 
chance. Most often we are interested in determining the probability that the correlation is a 
real one and not a chance occurrence [37]. 
The correlation is one of the most common and most useful statistics. A correlation is a 
single number that describes the degree of relationship between two variables, X and Y. The 
comparison of these two instruments is expressed with a Pearson correlation coefficient. The 
Pearson coefficient is a statistic parameter, which estimates the correlation of the two given 
random variables (X and Y). The coefficient values range from −1 to 1. A value of 1 shows 
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that a linear equation describes the relationship perfectly and positively, with all data points 
lying on the same line and with Y increasing with X. A value of −1 shows that all data points 
lie on a single line but that Y increases as X decreases. A value of 0 shows that a linear model 
is inappropriate – that there is no linear relationship between the variables. The correlation 
coefficient may be computed using the following formula [37]:  
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Where: x  and y  are the sample means of X and Y   
sx and sy are the sample standard deviations of X and Y   
n  random of variables 
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3 EXPERIMENTAL PART 
The presence of an adequate amount of water in the SC is important for the following 
properties of the skin: general appearance of a soft, smooth, well-moisturized skin, in contrast 
to a rough and dry skin; of a flexible skin, in contrast to a brittle and scaly skin [1]. 
The hydration of the SC can be assessed in vivo as well as in vitro. We will discuss about 
non-invasive in vivo methods. These methods are based on the electrical and di-electrical 
properties of the skin. They are practical, simple, quick and relatively inexpensive and allow 
assessing the hydrating cosmetic products [38]. 
Different types of instruments for measuring skin hydration are available. Some of them 
measure an electrical conductance, like a Skicon-200 EX. The other ones measure an electrical 
capacitance, like a Corneometer analogical CM 825 or Corneometer digital CM 825 [1]. 
Measurement of TEWL is an additional technique and allows to assessing the water barrier 
function and is based on percutaneous evaporation [26]. 
3.1 List of the cosmetic products  
 We used three cosmetic products for measurements (Fig. 15). 
3.1.1 Excipial U Hydrolotion  
 Product is made by Spirig Eastern a. s. Bratislava, SR. It is an O/W emulsion containing    
2 % urea as humectants (20 mg urea in 1 ml of emulsion). Urea is a natural moisturizing 
factor of the SC and influences a water binding capacity to intracellular lipids. This emulsion 
is based on the addition of water because it contains natural moisturizing factors like urea. 
These substances are hygroscopic and keep water whereby they increase the water-binding 
capacity of SC [12]. The emulsion is white coloured and contains 11 % of lipids [39]. 
Ingredients (INCI): polihexanidum, acidum citricum monohydricum, natric citras 
dihydricus, dinatrii edetas dihydricus, paraffinum solidum, triglycerida satura media 
oxyethylena, macrogoli 2000 monostearas, dimeticonum, parfum, aqua purificata [39] 
3.1.2 Excipial U Lipolotio  
Product is made by Spirig Eastern a. s. Bratislava, SR. It is a W/O emulsion containing      
4 % urea as humectants (40 mg urea in 1 ml of emulsion). This emulsion makes an occlusive 
fatty film on the surface of the skin [12].  It is white coloured and contains 36 % of lipids 
[40]. 
Ingredients (INCI): natrii lactis solutio 60 %, acidum lacticum, triclosanum, chlorhexidini 
dihydrochloridum, glycero-et sorbimacrogoli isostearas, macrogoli ester, methomacrogol-
1000-dodecandioli copolymerum, paraffinum liquidum, triglycerida saturata media, 
dimeticonum, myristylis lactas, parfum, aqua purificata [40] 
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3.1.3 Vaseline  
 Product is made by Federa, Brussels, Belgium. Vaseline or Petrolatum is a semi solid 
greasy stuff derived from the petroleum industry. It is a mixture of different saturated long 
carbon chains. It is stable and it is used for controlling the viscosity and for occlusive effect. 
Vaseline is more occlusive because it contains more oily substances than a W/O emulsion 
[33]. It is white coloured [14]. 
 
 
 
Fig. 15: Cosmetic products used for measurements 
 
3.2 List of instruments 
• Tewameter TM 210 (Courage + Khazaka electronic GmbH) 
• Corneometer analogical CM 825 (Courage + Khazaka electronic GmbH) 
• Corneometer digital CM 825 (Courage + Khazaka electronic GmbH) 
• Skicon 200-EX (I.B.S CO., Hamamatsu) 
 
3.2.1 Tewameter TM 210  
 This instrument is made by Courage + Khazaka electronic GmbH, Cologne, Germany 
(Fig. 16, 17). The measurement of TEWL is an important non-invasive method for assessing 
the efficiency of the skin as a protective barrier [41]. 
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This technique is based on the open chamber method equipped with a set of two 
thermistors and two hygrosensors placed inside the hollow cylinder and is analysed by a 
microprocessor. The instrument measures the gradient of water vapour above the skin surface 
and converts this into a diffusion rate that is presumed to be proportional to the integrity of 
the SC [28]. Measurement of TEWL does not measure the skin hydration, but does allow the 
evaluation of the efficacy of hydrating products whose mode of action relies on occlusivity 
[41]. 
The method is based on Fick´s law of diffusion, which defines the diffusion of water from 
a given surface [33]. 
 
dt
dpD
dt
dm
A
TEWL ×−=×= 1    [g.m-2.h-1]              (4) 
 
Where: A = surface [m2] 
            m = water transported [g] 
               t = time [h] 
            D = diffusion constant (0.0877 gm-1h-1) 
            p = vapour pressure of the atmosphere [mm Hg] 
            x = distance from skin surface to point of measurement [m] 
 
The measurement by Tewameter TM 210 is slow. It is important to wait for stabilisation of 
the curve on the screen of the instrument. One measurement took more that 1 minute. The 
probe is very sensitive for surrounding changes (temperature, relative humidity). It is not 
allowed to breath above the probe [33]. The values are in g.m-2.h-1, ranging from 0 to 90 [42]. 
 
 
Fig. 16: Open chamber system of the probe [41] 
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Fig. 17: Tewameter TM 210 Courage + Khazaka 
 
3.2.2 Corneometers  
The measurement of the hydration of the SC is an important factor in the dermato-cosmetic 
research. This parameter is used for the characterization of the skin surface and for the 
evaluation of the efficacy of skin moisturizing products. An evaluation of the efficacy of 
moisturizing preparations (O/W and W/O emulsions) on the skin was carried out  in vivo 
using two types of instruments - Corneometer analogical CM 825 and Corneometer digital 
CM 825. In principle there are no differences between both instruments. The only difference 
is in the way to treat the obtained results from the electrode: either using the old analogical 
processor or use the modern digital processor. The digital apparatus is more precise and more 
stable [1]. 
The principle is based on the fact, that the dielectric constants of water and other 
biomaterials are different. The dry SC is a dielectric medium. When the SC is hydrated, a 
significant change in the dielectric properties of this medium is observed. The total capacity is 
changed in function of the degree of hydration of the SC [1].  
An instrument measures a capacitance in arbitrary units. These units are proportional to 
water content of the SC. These data are used like a scale [26]:  
• < 40 for a very dry skin 
• 40-60 for a normal skin  
• > 60 for a highly hydrated skin  
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3.2.2.1 Corneometer analogical CM 825  
This instrument is made by Courage + Khazaka electronic GmbH, Cologne, Germany 
(Fig. 18). 
The measuring principle of the Corneometer analogical is based on the capacitance 
measurement of a dielectric medium. The measurement can detect the slightest change in the 
hydration level. The reproducibility of the measurement is very high and the measurement 
time is very short (1 s). Due to the construction of the measuring head, the measurement depth 
is very small (in the first 10-20 µm of the SC) [41].  
The measuring probe (0,7 x 0,7 cm) consists of an interdigital grid of gold-covered 
electrodes with interdigital spacing. There is no direct galvanic contact between the electrode 
and the skin surface [34]. (Fig. 19) 
Technical data: measurement principle: capacitance, measurement frequency: 0,9-1,2 MHz 
[41] 
 
 
Fig. 18: Corneometer analogical CM 825  
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Fig. 19: Schematic representation of the measuring probe of the Corneometer analogical 
[41] 
3.2.2.2 Corneometer digital CM 825  
This instrument is made by Courage + Khazaka electronic GmbH, Cologne, Germany.  
The Corneometer digital (Fig. 20) is controlled by Windows software and must be connected 
to a PC. The measuring principle is the same as a Corneometer analogical, it measures an 
electrical capacitance of the SC.  The probe contains an elastic spring that provides a constant 
pressure of the probe on the skin. The values are in arbitrary units, ranging from 0 to 120 a.u. 
Hydration results are displayed as 10 independent consecutive values [1]. 
 
 
Fig. 20: Corneometer digital CM 825 
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3.2.3 Skicon 200-EX  
This instrument is made by I.B.S CO., Hamamatsu, Japan (Fig. 21). The Skicon measures 
the electrical conductance. The high frequency conductance is correlated to the skin surface 
water content. Therefore, the Skicon instrument can characterize the moisture in the SC by the 
measurement of the skin conductance. It can determine prehydration state, hydration level, 
hygroscopicity and water holding capacity of the SC. It is also capable of assessing the effects 
of moisturizers and other cosmetics on the SC by their skin application in vivo [43].  
 
The Skicon measures the conductance of a single high-frequency current of 3,5 MHz. The 
measuring probe consists of two concentric gold-covered electrodes. The distance between 
the inner and outer electrode is 1 mm. There is a direct galvanic contact between the 
electrodes and the skin. The values are in micro-siemens, ranging from 0 to 2000 µS. These 
data are used like a scale [44]: 
• < 15 for very dry skin 
• > 500 for very hydrated skin 
 
 
 
Fig. 21: Skicon 200-EX 
3.3 Description of the measurements 
• Stripping 
Stripping is a method, which simulates irritation of the skin. It damages the barrier skin 
function. Water can better diffuse through the skin and it can be measure by Tewameter. 
Values increased after stripping. We applied a piece of sticky tape on the skin and rubbed 
lightly to assure adhesion, and after 1 minute the strip was removed. We could see small 
white scales on the tape. It meant we removed corneocytes from the SC. The irritation of the 
skin is visible, the skin changes colour to red [33]. 
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• Measurements by Tewameter 
 We tested the skin on the both volar forearms. We used an open chamber system. We put a 
probe on the skin surface and measured a gradient of water vapour. It is important to wait for 
stabilization of the curve on the screen of the instrument. At the beginning, the curve is not 
linear. Normally after 1 minute the curve is linear and stabilizes but it can change. We used 
data when the curve was linear 10 seconds. The probe is very sensitive for surrounding 
changes. It is not allowed to breathe above the probe. 
 
•  Measurements by Corneometers 
 We tested different parts of the body on the 4 volunteers. Corneometers are based on the 
capacitance measurements of the skin. These instruments are simple. We put probe on the 
skin surface and the values appeared on the screen. It took seconds. 
 
•  Measurements by Skicon 
 We tested different parts of the body on the 4 volunteers. Skicon is based on the 
conductance measurements of the skin. These instruments are simple. We put probe on the 
skin surface and the values appeared on the screen. It took seconds. This instrument was 
unstable and we had to repeat some measurements. 
 
 The data are expressed as mean values of ± 15 independent measurements. Mean values 
were counted from independent measurement as an arithmetic means. Standard deviations 
were computed by Microsoft Excel programme.  
 Measurements were carried out on the different parts of the body. The choice of the 
measurement site on the body may have significant consequences for the results obtained. In 
our study, the skin of the forehead showed the highest hydration and the skin of soles showed 
the lowest hydration. We compared left and right site of the body. Values on the same parts of 
the skin on the different sites of the body were similar. This is practical for comparison of 
creams and validation of methods. When the cream was applied to a specific part on the left 
forearm, the corresponding part of the right forearm was used for other cream. All of 
measurements were carried out as short term tests and a single application. 
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4 RESULTS AND DISCUSSION 
 Different electrical measurements were developed for studying skin hydration [41].The 
data are expressed as mean values of ± 15 independent measurements. Tables are enclosed in 
annexes. 
4.1 Changes of TEWL values during 20 stripping 
We measured TEWL´s values before and after stripping (Fig. 22). We chose areas (4 x 2 
cm) on the right and left volar forearms (4 cm from cubital fossa). We wanted to compare 
differences between left and right parts of the body (1 subject, age: 24, gender: female). We 
applied a piece of sticky tape and rubbed lightly to assure adhesion, and after 1 minute the 
strip was removed. Baselines (values before stripping) were 4,7 g.m-2.h-1 on the right forearm 
and 5,1 g.m-2.h-1 on the left forearm. After 20 stripping, the values increased to 6,9 g.m-2.h-1 
on the right and to 7,9 g.m-2.h-1 on the left forearms. The values increased because we 
removed corneocytes from the SC and the water could better diffuse through the SC. After 
~10 times stripping, the skin started to be red. We could see small differences between left 
and right forearms. The left forearm was more sensitive. The data are expressed as values of 
single measurements.  
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Fig. 22: Changes in TEWL [g.m-2.h-1] on the volar parts of the right and left forearms after 
20 stripping. Starting value (time = 0) measured before stripping. (Annex 1) 
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4.2 Changes of TEWL values after stripping  
We measured 1 subject, age: 22, gender: female. We chose an area of 4 x 2 cm on the left 
and the right volar forearms (4 cm from cubital fossa). We measured the skin before stripping 
and after 10, 20 and 25 stripping (Fig. 23). We applied a piece of sticky tape and rubbed 
lightly to assure adhesion, and after 1 minute the strip was removed. We repeated it 10 times 
and than we measured the skin again. After 8 stripping, the skin started to be red. The data are 
expressed as mean values of 10 independent measurements. 
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Fig. 23: Changes in TEWL [g.m-2.h-1] on the volar parts of the right and left forearms after 
stripping. Starting value (time = 0) measured before stripping. (Annex 2) 
 
4.3 TEWL measurements after application of an O/W emulsion on the female 
and male volar right forearms 
We tested Hydrolotion (O/W emulsion containing 2 % urea as humectants) on a female 
subject age 24 and a male subject age 20. We measured the skin during 90 minutes. We chose 
an area of 4 x 2 cm on the right and the left volar forearms (4 cm from cubital fossa). The 
baseline is the untreated area. The baselines were 8,6 g.m-2.h-1 for female and 13,7 g.m-2.h-1 
for male right volar forearm. After application the value increased to 9,6 g.m-2.h-1     
(15,7 g.m-2.h-1)  because water evaporated, after 30 minutes it decreased to 7,7 g.m-2.h-1      
(9,6 g.m-2.h-1)  and it didn’t change very much during one hour (Fig. 24). The data are 
expressed as mean values of 10 independent measurements. 
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Fig. 24: Changes in TEWL [g.m-2.h-1] on the right volar forearms after application of an O/W 
emulsion containing 2 % urea as humectants. Starting values (time = 0) measured before 
application of the product. Product was applied immediately as soon as we measured starting 
values. (Annex 3) 
 
As can be seen from the curves, an initial softening effect is seen within the first few 
minutes. This is from the water itself. As the water evaporates from the emulsion, there is a 
gradual return of the skin surface to its original state. The true effect of a moisturizer in 
softening the skin is then evaluated through the longer term effects, which are related to the 
ability of the moisturizer to keep water bounded to the skin surface [14]. 
 
4.4 TEWL measurements after application of the W/O emulsion on the female 
and male volar right forearms 
We tested Lipolotio (W/O emulsion containing 4 % urea as humectants) on a female 
subject age 24 and a male subject age 20. We measured the skin during 90 minutes. The 
baseline were 9,2 g.m-2.h-1 for female and 12,8 g.m-2.h-1 for male left volar forearms. A few 
minutes later after application TEWL's values decreased to 7,7 g.m-2.h-1 (10,1 g.m-2.h-1), 
because the occlusive effect keeps the water in the SC. After one hour the values stayed 
around 6 g.m-2.h-1 (9 g.m-2.h-1) (Fig. 25). The data are expressed as mean values of 10 
independent measurements. 
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Fig. 25: Changes in TEWL [g.m-2.h-1] on the left volar forearms after application of a W/O 
emulsion containing 4 % urea as humectants. Starting values (time = 0) measured before 
application of the product. Product was applied immediately as soon as we measured starting 
values. (Annex 4) 
 
When we compared skin reaction after applications of an O/W and a W/O emulsion after 
90 minutes we could see that both of them decreased the TEWL values.  
 
4.5 Comparison of TEWL measurements after application of Vaseline and a 
W/O emulsion 
We tested a W/O emulsion (Lipolotio) and Vaseline on the left volar forearm. We wanted 
to compare the occlusive effect between a W/O emulsion and a Vaseline during short 
measurements (Fig. 26). 
We measured one subject age 24, every 5 minutes during 30 minutes after application. We 
chose areas (4 x 2 cm) on the right volar forearm (4 cm from cubital fossa). We measured the 
untreated skin first, and then we applied the Vaseline and did measurements. After that we 
waited a few hours till the values decreased to the baseline values and then we applied a W/O 
emulsion. The first values (time = 1) are measured 1 minute after the applications of the 
products. The data are expressed as mean values of 15 independent measurements. The 
baseline is untreated area. 
Values after application of Vaseline decreased more then after application of a W/O 
emulsion. In this measurement we can not say that the data are significant because of the 
length of the error bars. Some intervals of error bars are overlaid.  
 
 
42 
TEWL
4
4,5
5
5,5
6
6,5
7
7,5
8
0 5 10 15 20 25 30
t [min]
TE
W
L 
[g
.m
-2
.h
-1
]
Baseline Vaseline W/O
 
Fig. 26: Changes in TEWL [g.m-2.h-1] on the left volar forearm after application of a Vaseline 
and a W/O emulsion containing 4 % urea as humectants. Starting values (time = 0) measured 
before application of the product. (Annex 5) 
 
4.6 Comparison of hydration measurements after application of a W/O and an 
O/W emulsion by Skicon 200-EX and by Corneometer digital CM 825 
In vivo determinations of the hydration of the superficial layers of the epidermis can be 
carried out using electrical instruments [1].  
We compared the conductance (Skicon) at high frequency (3,5 MHz) and the capacitance 
(Corneometer) at high frequency (1,0 MHz) after application of two moisturizing products. 
We measured different parts of the body (1 subject, age: 24, gender: female) before and after 
application of a W/O and an O/W emulsion. We chose an area of 4 x 2 cm on each selected 
part of the body: on the right and left volar forearms (4 cm from cubital fossa), in the middle 
of the forehead, in the middle of the left and right cheeks (4 cm from nose), in the middle of 
the left and right thighs (15 cm from knee), in the middle of the left and right volar calf and 
on both heels.  
We measured the untreated skin first. After that we applied an O/W emulsion and a W/O 
emulsion, waited 1 minute and did measurements on the left side of the body by the 
Corneometer (Fig. 27) and on the right site of the body by the Skicon (Fig. 28). Then we 
calculated the Pearson correlation coefficients on the computer for an O/W emulsion (Fig. 29) 
and a W/O emulsion (Fig. 30). We included all of values for Pearson correlation. Coefficients 
are 0,923 for an O/W emulsion and 0,891 for a W/O emulsion. The linear correlation is 
significant.  The data are expressed as mean values (MV) of 10 independent measurements. 
All values increased after single application of moisturize products.   
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Fig. 27: Changes in hydration on the different parts of the body, measuring the capacitance 
with the Corneometer digital (Annex 6) 
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Fig. 28: Changes of hydration on the different parts of the body, measuring the conductance 
with the Skicon (Annex 7) 
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Fig. 29: Correlation between the Skicon and the Corneometer. The Pearson correlation is 
0,923 
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Fig. 30: Correlation between the Skicon and the Corneometer. The Pearson correlation is 
0,891 
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4.7 Effect of hydration after application of a Vaseline, a W/O emulsion and an 
O/W emulsion measuring by Corneometer analogical CM 825 on the both 
forearms 
We tested three creams – Hydrolotion (O/W emulsion), Lipolotio (W/O emulsion) and 
Vaseline on forearms during 90 minutes, every 5 minutes. We chose areas of 2 x 2 cm on both 
volar forearms: 4 cm from cubital fossa for an O/W emulsion, 7 cm from cubital fossa for a 
W/O emulsion and 10 cm from cubical fossa for Vaseline (Fig. 31, 32). The data are 
expressed as mean values of 15 independent measurements. 
Baseline (untreated area) was 31 a.u. for both forearms (1 subject, age: 24, gender: 
female). The product was applied (single application) after measuring of the baseline. Then 
we waited 1 minute and started with the measurements.  
During the first minutes after the application of Lipolotio values increased up to 47 a.u., 
after 90 minutes values were still ~ 40 a.u.. Lipolotio makes an occlusive effect, so water 
could exhale slower to the upper layer of the SC and is trapped here [26]. 
Few minutes after application of Vaseline there were no differences. Vaseline caused an 
occlusive effect as well [26]. We could see a hydration effect after 40 minutes when values 
increased up to 41 a.u.  
When we applied Hydrolotion values became larger than over 50 a.u. during first minutes. 
It was caused by water in emulsion. After 15 minutes values decreased to the original values.  
Values increased and decreased same way on the both forearms as we could see on the 
curves. We didn’t expect any huge differences on the left and on the right side of the body. 
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Fig. 31: Example of hydration changes on the right volar forearm after application                 
of Vaseline,  a W/O emulsion containing 4 % urea as humectants and an O/W emulsion 
containing 2 % urea as humectants. Starting values (time = 0) measured before application         
of the product. Product was applied immediately after measuring of starting values. (Annex 8) 
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Fig. 32: Example of hydration changes on the left volar forearm after application of a 
Vaseline, a W/O emulsion containing 4 % urea as humectants and an O/W emulsion 
containing 2 % urea as humectants. Starting values (time = 0) measured before application of 
the product. Product was applied immediately after measuring of starting values (Annex 9) 
 
4.8 Effect of hydration after application of a W/O emulsion and an O/W 
emulsion measured by Corneometer digital CM 825 on the both forearms 
We tested two creams – Hydrolotion and Lipolotio on forearms during 2 hours. We chose 
areas of 2 x 2 cm on both volar forearms: 4 cm from cubital fossa for an O/W emulsion, 7 cm 
from cubital fossa for a W/O emulsion. We wanted to compare substantial site-to-site 
differences. (Fig. 33, 34) The data are expressed as mean values of 15 independent 
measurements. 
Baseline was 33 a.u. for both forearms (1 subject, age: 24, gender: female). During the first 
minutes after application of Lipolotio the values increased up to the 40 a.u. When we applied 
Hydrolotion values increased up to values higher than 45 a.u. during the first minutes. During 
the next 30 minutes the values were quite similar for both emulsions. One hour after 
application of Lipolotio values increased to 44 a.u. and stayed on these values next hour. One 
hour after application of Hydrolotion values increased up to 38 a.u. and stayed on these values 
during the next hour.  
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 Fig. 33: Changes in hydration on the right volar forearms after application of an O/W 
emulsion containing 2 % urea as humectants and a W/O emulsion containing 4 % urea as 
humectants. Starting values (time = 0) measured before application of the product. Product 
was applied immediately as soon as we measured starting values. (Annex 10)  
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 Fig. 34: Changes in hydration on the left volar forearms after application of an O/W 
emulsion containing 2 % urea as humectants and a W/O emulsion containing 4 % urea as 
humectants. Starting values (time = 0) measured before application of the product. Product 
was applied immediately as soon as we measured starting values (Annex 11) 
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When we compared measurements with the Corneometer digital and the Corneometer 
analogical, the data are significant. The Corneometer digital is a newer version then 
analogical one. 
 
4.9 Comparison of measurements with the Corneometer digital (CD), the 
Corneometer analogical (CA) and the Skicon (S) after single application of 
an O/W emulsion 
We tested only an O/W emulsion. There are higher differences in values before and after 
application of this type of emulsion then after application of a W/O emulsion. This is better 
for the assessment of the Pearson correlation coefficient.  
We chose an area of 4 x 2 cm on the different parts of the body: on the right and left volar 
forearms (4 cm from cubital fossa), in the middle of the forehead and on both heels. 
Measurements were carried out on 4 volunteers (Table 1). Each volunteer had a different 
baseline (Fig. 35). All the values increased after a single application of an O/W emulsion 
(Fig. 36).  
 Each instrument measures the skin hydration with its own unique parameter, making 
experimental comparisons difficult. Measurements with Corneometers were stable and values 
were similar. Values of Skicon measurements were higher because of the different units. The 
Skicon instrument was a little bit unstable and we had to repeat some measurements. The data 
are expressed as mean values of 15 independent measurements.  
 
Table 1: Age and gender of volunteers 
 
subject age gender 
1. 20 male 
2. 21 male 
3. 22 female 
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Fig. 35: Baseline measurements on the different parts of the body, 4 volunteers, measuring 
with the Corneometer analogical (CA), the Corneometer digital (CD) and the Skicon (S) 
(Table 2) 
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Fig. 36: Changes of hydration on the different parts of the body after application of an O/W 
emulsion, 4 volunteers, measuring with the Corneometer analogical (CA), the Corneometer 
digital (CD) and the Skicon (S) (Table 2) 
 
The Pearson correlation coefficients were assessed by a computer (Microsoft Excel 
programme) for all the values coming from the measurements (Table 2).  
The Pearson correlation coefficient: Skicon/ Corneometer digital   0,906                              
                                                         Skicon/ Corneometer analogical   0,871                         
                                                        Corneometer digital/ Corneometer analogical 0,965   
The correlation if the values are positive and high and significant, that means that the two 
variables are linearly correlated. The measurements taken with the Corneometers and those 
taken with the Skicon are positively related to each others and consequently significative and 
this means a validation of both methods. 
 
 
Table 2: Table of hydration values before and after application of an O/W emulsion. The data are expressed as mean values of 15 independent 
measurements ± standard deviation (SD) 
HYDRATION 
baseline after application of an O/W emulsion   
1. subject 2. subject 3. subject 4. subject 1. subject 2. subject 3. subject 4. subject 
forehead 65,7 ± 3,5 87,67 ± 3,1 67,13 ± 2,6 62,2 ± 4,6 76,33 ± 1,8 102,94 ± 6,8 83,47 ± 4,6 83,93 ± 3,2 
left heel 16,0 ± 1,3 23,07 ± 2 20,53 ± 4,2 13,52 ± 2,5 35,8 ± 4,1 30,47 ± 2,4 57,8 ± 4,1 29,67 ± 3,2 
right heel 16,93 ± 1,6 23,49 ± 1,6 27,52 ± 3,3 15,0 ± 2,9 27,53 ± 2,3 36,3 ± 4,4 59,68 ± 5,3 26,4 ± 2,1 
left forearm 34,13 ± 2,4 31,67 ± 2,4 30,06 ± 1,8 30,47 ± 6,3 70,27 ± 2,9 47,27 ± 3,9 46,27 ± 2,6 47,87 ± 2,8 
CA [a.u.] 
right forearm 37,27 ± 2,7 34,1 ± 2,9 27,52 ± 2,1 31,92 ± 7,1 79,2 ± 4,3 45,72 ± 5,6 52,32 ± 4,6 50,76 ± 3,6 
forehead 69,52 ± 2,4 80,6 ± 5,7 67,2 ± 5,0 63,67 ± 1,9 86,84 ± 2,5 94,77 ± 2,5 90,85 ± 3,5 91,17 ± 7,1 
left heel 10,25 ± 0,8 16,85 ± 2,6 17,96 ± 3,2 11,77 ± 3,3 21,81 ± 1,1 29,57 ± 2,6 49,27 ± 1,6 28,74 ± 3,4 
right heel 11,3 ± 0,9 19,04 ± 1,5 16,32 ± 1,9 11,89 ± 2,1 22,34 ± 2,1 30,29 ± 3,9 53,8 ± 3,1 28,84 ± 1,6 
left forearm 36,63 ± 1,6 37,62 ± 2,1 29,17 ± 2,6 27,98 ± 4,1 61,06 ± 5,7 57,04 ± 4,1 47,23 ± 4,2 45,78 ± 4,1 
CD [a.u.] 
right forearm 40,69 ± 1,5 29,08 ± 1,7 30,76 ± 1,8 37,26 ± 4,5 67,0 ± 2,3 54,5 ± 3,2 58,83 ± 5,0 61,04 ± 6,1 
forehead 238,6 ± 20,8 363,29 ± 33,9 302,8 ± 24,2 269,93 ± 24,4 492,67 ± 38,1 498,7 ± 39,2 490,53 ± 32,1 435,87 ± 34,7 
left heel 26,0 ± 7,2 39,43 ± 3,6 45,7 ± 8,3 43,9 ± 6,9 157,0 ± 20,3 125,7 ± 15,6 208,53 ± 29,6 215,87 ± 27,8 
right heel 37,73 ± 5,1 30,24 ± 3,1 52,3 ± 3,9 41,2 ± 7,8 171,6 ± 24,3 159,6 ± 22,7 213,67 ± 30,1 239,67 ± 17,9 
left forearm 78,07 ± 9,3 125,0 ± 10,2 150,93 ± 14,3 150,84 ± 16,9 183,13 ± 21,5 189,4 ± 17,2 222,47 ± 33,5 349,53 ± 30,7 
S [µS] 
right forearm 81,53 ± 5,4 72,8 ± 6,3 87,6 ± 9,8 146,72 ± 17,9 190,4 ± 18,9 217,73 ± 21,5 232,24 ± 34,1 323,87 ± 28,3 
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5 CONCLUSION 
The amount of water in the Stratum corneum (SC) is important for a skin appearance. Non-
invasive bioengineering methods are used to evaluate the hydration of the SC and the skin 
barrier function. They are mainly based on electrical properties of the skin. 
   
 This thesis was carried out during my staying in the Department of Biomechanics and 
Human Biometry, Vrije Universiteit Brussels, Belgium from February to June 2007. 
    
 The theoretical part involves a literature search on a given theme. The SC has a unique 
structure which allows to assessing the skin barrier function. There are two basic types of 
emulsions available, an O/W and a W/O. Both of types are commonly used in cosmetic 
moisturize products. The skin can be presented as an electrical circuit. Measurements are 
possible on the fact, that the dielectric constant of the water and other biomaterials are 
different.   
  
 In an experimental part, the goal of the present work was: 
? to compare TEWL values before any treatment and after specific treatments 
(stripping, application of specific products) 
? to evaluate the hydration of the SC before any treatment and after application of 
Vaseline, an O/W emulsion and a W/O emulsion 
? to compare a capacitance measurements (Corneometers) and conductance 
measurements (Skicon) 
  
 All of measurements were carried out by me on the human skin. We measured different 
parts of the body. In our study, the skin of the forehead showed the highest hydration and the 
skin of soles showed the lowest hydration. We compared left and right site of the body. 
Values on the same parts of the skin on the different sites of the body were similar. This is 
practical for comparison of methods. All of measurements were carried out as short term tests 
and single application. The most of measurements were carried out just on my skin, so it is 
not possible to assess hydration effects of cosmetic products. The aim of these measurements 
was to evaluate instruments. We used the Corneometer analogical CM 825, the Corneometer 
digital CM 825, the Skicon 200-EX and Tewameter TM 210. The data are expressed as mean 
values of ± 15 independent measurements. Mean values were counted from independent 
measurement as an arithmetic means. Standard deviations were computed by Microsoft Excel 
programme.  
  
 From gained results it is possible to say: 
? stripping caused an irritation of the skin, TEWL values were increased because the 
water could better diffuse to the skin surface 
? TEWL values decreased after application of Vaseline and a W/O emulsion because of 
their occlusive effect, after application of an O/W emulsion values increased after 
first minutes because of evaporation of the water and than decreased as well 
? hydration of the skin increased after application of Vaseline, an O/W emulsion and a 
W/O emulsion  
? comparisons of Corneometers and Skicon were assessed by Pearson correlation 
coefficient, correlation were positive and high that means that the two variables are 
linearly correlated 
52 
 
 Bioengineering methods mean real progress in the objective and quantitative evaluation of 
skin treatments with dermato-cosmetic products. And we could follow some of these methods 
during working on this thesis. 
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6 NOMENCLATURE 
a.u.  arbitrary units 
CA  Corneometer analogic CM 825 
CD  Corneometer digital CM 825 
HLB  hydrophilic-lipophilic balance 
MV  mean values 
NMF  natural moisture factors 
O/W  oil in water emulsion 
S   Skicon 200-EX 
SC  Stratum Corneum 
SD  standard deviation 
TEWL Transepidermal Water Loss 
W/O  water in oil emulsion 
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7 ANNEXES 
Annex 1: TEWL values after 20 stripping on the both forearms. Start values (time = 0) 
measured before stripping. The data are expressed as values of single measurements 
Annex 2:  TEWL values after stripping on the both forearms. Start values (time = 0) 
measured before stripping. Mean values of TEWL ± SD are presented. The data are expressed 
as mean values of 10 independent measurements    
Annex 3: Changes of the single application of an O/W emulsion during 90 minutes. Mean 
values of TEWL ± SD are presented. The data are expressed as mean values of                    
10   independent measurements 
Annex 4: Changes of the single application of a W/O emulsion during 90 minutes. Mean 
values of TEWL ± SD are presented. The data are expressed as mean values of                        
10 independent measurements 
Annex 5: Changes of the single application of a W/O emulsion and Vaseline during                   
30 minutes. Baseline is untreated area. Mean values of TEWL ± SD are presented. The data 
are expressed as mean values of 15 independent measurements 
Annex 6: Effect of the single application of a W/O emulsion and an O/W emulsion on the 
different parts of the body. Baseline is untreated area. Mean values of TEWL ± SD are 
presented. Measuring by Corneometer digital CM 825. The data are expressed as mean 
values of 10 independent measurements 
Annex 7: Changes of the single application of a W/O emulsion and an O/W emulsion on the 
different parts of the body. Baseline is untreated area. Mean values of TEWL ± SD are 
presented. Measuring by Skicon 200-EX. The data are expressed as mean values of                    
10 independent measurements 
Annex 8: Changes of the single application of a W/O emulsion, an O/W emulsion and  
Vaseline on the right volar forearm during 90 minutes Mean values of TEWL ± SD are 
presented. Measuring by Corneometer analogic CM 825. The data are expressed as mean 
values of 15 independent measurements 
Annex 9: Changes of the single application of a W/O emulsion, an O/W emulsion and a 
Vaseline on the left volar forearm during 90 minutes Mean values of TEWL ± SD are 
presented. Measuring by Corneometer analogic CM 825. The data are expressed as mean 
values of 15 independent measurements 
Annex 10: Changes of the single application of a W/O emulsion and O/W emulsion on the 
right volar forearm during 120 minutes Mean values of TEWL ± SD are presented. 
Measuring by Corneometer digital CM 825. The data are expressed as mean values of               
15 independent measurements 
Annex 11: Changes of the single application of a W/O emulsion and O/W emulsion on the left 
volar forearm during 120 minutes Mean values of TEWL ± SD are presented. Measuring by 
Corneometer digital CM 825. The data are expressed as mean values of 15 independent 
measurements 
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Annex 1: TEWL values after 20 stripping on the both forearms. Start values (time = 0) 
measured before stripping. The data are expressed as values of single measurements   
TEWL [g.m-2.h-1] number of 
striping right forearm left forearm 
0 4,7 ± 0,05 5,1 ± 0,08 
1 5,0 ± 0,08 5,2 ± 0,03 
2 5,2 ± 0,1 5,6 ± 0,2 
3 5,6 ± 0,07 6,3 ± 0,09 
4 5,8 ± 0,05 6,5 ± 0,08 
5 6,0 ± 0,06 6,6 ± 0,1 
6 6,3 ± 0,12 6,8 ± 0,13 
7 6,5 ± 0,42 7,0 ± 0,09 
8 6,7 ± 0,1 7,1 ± 0,06 
9 6,8 ± 0,12 7,3 ± 0,2 
10 6,8 ± 0,1 7,7± 0,06 
11 6,8 ± 0,13 7,9 ± 0,1 
12 6,7 ± 0,05 7,9± 0,1 
13 6,7 ± 0,08 7,9± 0,2 
14 6,8 ± 0,1 7,9 ± 0,07 
15 6,7 ± 0,2 7,8 ± 0,13 
16 6,9 ± 0,06 7,8 ± 0,15 
17 6,7 ± 0,03 7,8 ± 0,09 
18 6,9 ± 0,09 7,9 ± 0,07 
19 6,8 ± 0,13 7,6 ± 0,07 
20 6,9 ± 0,11 7,9 ± 0,2 
 
Annex 2: TEWL values after stripping on the both forearms. Start values (time = 0) measured 
before stripping. Mean values of TEWL ± SD are presented. The data are expressed as mean 
values of 10 independent measurements    
TEWL [g.m-2.h-1] number of 
stripping left forearm right forearm 
0 6,67 ± 0,09 6,69 ± 0,1 
10 7,9 ± 0,1 7,56 ± 0,08 
20 8,0 ± 0,07 8,2 ± 0,12 
25 8,2 ± 0,09 8,3 ± 0,07 
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Annex 3: Changes of the single application of an O/W emulsion during 90 minutes. Mean 
values of TEWL ± SD are presented. The data are expressed as mean values of                      
10 independent measurements.   
TEWL [g.m-2.h-1] 
t [min] 
Female Male 
0 8,6 ± 0,6 13,7 ± 1,2 
10 9,6 ± 0,4 15,7 ± 2,8 
30 8,2 ± 0,5 11,6 ± 1,1 
60 7,9 ± 0,5 9,8 ± 0,6 
90 7,7 ± 0,7 9,6 ± 0,8 
 
 
Annex 4: Changes of the single application of a W/O emulsion during 90 minutes. Mean 
values of TEWL ± SD are presented. The data are expressed as mean values of                     
10  independent measurements 
TEWL [g.m-2.h-1] 
t [min] 
Female Male 
0 9,2 ± 0,6 12,8 ± 0,9 
10 7,7 ± 0,6 10,1 ± 0,3 
30 6,7 ± 0,5 9,6 ± 0,7 
60 6,6 ± 0,4 9,3 ± 0,4 
90 6,4 ± 0,5 8,7 ± 0,7 
 
 
Annex 5: Changes of the single application of a W/O emulsion and Vaseline during            
30  minutes. Baseline is untreated area. Mean values of TEWL ± SD are presented. The data 
are expressed as mean values of 15 independent measurements 
TEWL [g.m-2.h-1] t [min] Baseline Vaseline W/O emulsion 
0 6,4 ± 0,9 6,5 ± 0,7 6,7 ± 2,3 
1 6,3 ± 2,1 4,7 ± 2,1 5,6 ± 0,6 
5 6,6 ± 1,7 4,9 ± 0,9 5,3 ± 2,4 
10 6,8 ± 2,1 5,1 ± 0,9 5,4 ± 0,2 
15 6,5 ± 0,5 5,3 ± 0,9 6,0± 0,3 
20 6,0± 1,9 5,2 ± 2,5 5,6 ± 0,8 
25 6,1 ± 2,6 5,5 ± 2,1 5,6 ± 1,5 
30 5,9 ± 0,6 5,3 ± 0,6 5,8 ± 1,2 
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Annex 6: Effect of the single application of a W/O emulsion and an O/W emulsion on the 
different parts of the body. Baseline is untreated area. Mean values of TEWL ± SD are 
presented. Measuring by Corneometer digital CM 825. The data are expressed as mean 
values of 15 independent measurements 
Hydration [a.u.] 
part of the body 
Baseline O/W emulsion W/O emulsion 
forearm 30,82 ± 1,4 63,28 ± 3,6 49,54 ± 1,9 
forehead 66,5 ± 2,6 99,26 ± 0,4 81,75 ± 0,7 
cheek 52,97 ± 3,4 84,91 ± 4,1 80,75 ± 2,6 
thigh 31,03 ± 4,1 77,5 ± 2,6 65,8 ± 2,8 
calf 36,24 ± 1,4 65,77 ± 2,1 51,08 ± 1,3 
heel 8,21 ± 0,9 18,8 ± 2,3 19,3 ± 1,7 
 
Annex 7: Changes of the single application of a W/O emulsion and an O/W emulsion on the 
different parts of the body. Baseline is untreated area. Mean values of TEWL ± SD are 
presented. Measuring by Skicon 200-EX. The data are expressed as mean values of              
15 independent measurements 
Hydration [µS] part of the body 
Baseline O/W emulsion W/O emulsion 
forearm 107,2 ± 15,5 293,9 ± 45,8 134,8 ± 22,6 
forehead 306,5 ± 28,9 693,8 ± 55,7 505,7 ± 42,4 
cheek 256,7 ± 68,7 532,1 ± 38,9 374,4 ± 52,3 
thigh 101,8 ± 26,3 313,7 ± 55,2 174,2 ± 16,4 
calf 95,5 ± 26,3 338,8 ± 52,5 148,5 ± 23,0 
heel 35,7 ± 9,3 162,9 ± 22,3 64,5 ± 8,3 
 
Annex 8: Changes of the single application of a W/O emulsion, an O/W emulsion and a 
Vaseline on the right volar forearm during 90 minutes Mean values of TEWL ± SD are 
presented. Measuring by Corneometer analogic CM 825. The data are expressed as mean 
values of 15 independent measurements 
Hydration [a.u.] t [min] 
Vaseline O/W W/O 
0 37,2 ± 1,9 32,4 ± 1,4 33,4 ± 2,3 
1 39,6 ± 1,4 57,8 ± 3,6 48,9 ± 3,2 
3 39,6 ± 1,8 52,9 ± 2,3 47,5 ± 3,7 
5 37,1 ± 1,4 43,3 ± 1,8 47,6 ± 3,7 
10 37,4 ± 1,5 37,2 ± 1,8 45,9 ± 2,6 
15 38,3 ± 1,2 37,1 ± 2,6 47,8 ± 3,4 
20 38,4 ± 1,5 33,9 ± 1,8 46,1 ± 2,2 
30 38,1 ± 1,4 34,8 ± 1,6 42,5 ± 1,7 
40 38,4 ± 1,3 31,9 ± 0,8 42,4 ± 2,2 
60 40,7 ± 1,2 32,1 ± 1,5 43,3 ± 1,8 
90 41,8 ± 1,4 31,8 ± 1,9 39,2 ± 2,1 
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Annex 9: Changes of the single application of a W/O emulsion, an O/W emulsion and a 
Vaseline on the left volar forearm during 90 minutes Mean values of TEWL ± SD are 
presented. Measuring by Corneometer analogic CM 825. The data are expressed as mean 
values of 15 independent measurements 
Hydration [a.u.] t [min] Vaseline O/W W/O 
0 33,6 ± 1,3 32,4 ± 2,1 31,8 ± 1,5 
1 35,3 ± 1,3 52,2 ± 1,6 44,4 ± 2,3 
3 38,4 ± 1,5 47,8 ± 1,8 44,5 ± 3,9 
5 36,7 ± 1,8 49,7 ± 3,2 40,2 ± 2,7 
10 39,3 ± 2,8 47,7 ± 2,8 45,7 ± 2,5 
15 35,7 ± 1,6 35,3 ± 2,5 44,6 ± 3,0 
20 35,3 ± 3,2 37,1 ± 1,9 42,6 ± 2,8 
30 33,8 ± 3,5 35,1 ± 1,3 43,1 ± 2,5 
40 37,1 ± 2,1 32,4 ± 2,7 41,3 ± 1,9 
60 40,4 ± 3,2 32,5 ± 3,1 39,1 ± 2,5 
90 40,5 ± 1,8 31,9 ± 3,2 37,2 ± 2,5 
 
Annex 10: Changes of the single application of a W/O emulsion and O/W emulsion on the 
right volar forearm during 120 minutes Mean values of TEWL ± SD are presented. 
Measuring by Corneometer digital CM 825. The data are expressed as mean values of         
15 independent measurements 
Hydration [a.u.] t [min] O/W W/O 
0 33,7 ± 2,1 33,1 ± 2,5 
5 45,8 ± 2,1 36,7 ± 2,6 
10 39,6 ± 2,0 37,1 ± 1,6 
15 38,1 ± 1,7 37,8 ± 1,3 
20 41,0 ± 2,0 38,3 ± 1,8 
25 39,7 ± 1,1 37,9 ± 1,3 
30 40,2 ± 1,6 39,2 ± 1,7 
40 39,4 ± 1,4 38,8 ± 2,1 
50 40,4 ± 2,5 40,6 ± 1,7 
60 38,9 ± 2,0 43,2 ± 1,8 
70 35,6 ± 1,6 43,5 ± 2,1 
80 38,7 ± 1,9 43,8 ± 2,2 
90 38,9 ± 2,2 44,1 ± 2,6 
100 37,5 ± 2,3 44,3 ± 2,3 
110 35,9 ± 1,8 44,1 ± 1,9 
120 36,9 ± 2,1 45,2 ± 3,0 
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Annex 11: Changes of the single application of a W/O emulsion and O/W emulsion on the left 
volar forearm during 120 minutes Mean values of TEWL ± SD are presented. Measuring by 
Corneometer digital CM 825. The data are expressed as mean values of 15 independent 
measurements 
Hydration [a.u.] t [min] O/W W/O 
0 34,9 ± 2,7 33,4 ± 2,6 
5 47,3 ± 2,5 38,0 ± 3,8 
10 39,1 ± 2,6 37,6 ± 2,8 
15 42,5 ± 1,9 38,9 ± 2,2 
20 40,9 ± 3,1 38,3 ± 3,6 
25 39,9 ± 1,9 39,7 ± 3,1 
30 39,4 ± 2,1 42,2 ± 2,3 
40 41,3 ± 1,5 42,4 ± 3,8 
50 39,4 ± 1,6 43,9 ± 3,1 
60 40,4 ± 1,9 41,6 ± 2,3 
70 40,1 ± 2,4 43,0 ± 1,3 
80 38,9 ± 2,6 43,1 ± 1,2 
90 39,4 ± 2,1 45,1 ± 1,3 
100 38,6 ± 3,2 45,3 ± 1,7 
110 39,1 ± 1,7 45,7 ± 2,0 
120 39,3 ± 2,1 45,9 ± 2,1 
 
 
 
